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Description 

SUPER RESOULTION INFORMATION STORAGE 

MEDIUM AND METHOD OF PREVENTING THE SAME 

FROM DETERIORATION 
Technical Field 

[1] The present invention relates to a super resolution information storage medium and 

a method of preventing the same from deterioration, and more particularly, to an in- 
formation storage medium of reproducing information, which is recorded as marks 
smaller than the resolution of a reproducing beam, and of preventing deterioration due 
to repeated reproduction and a method of preventing the same from deterioration. 

Background Art 

[2] An optical recording medium is used as an information storage medium for an 

optical pickup device of recording and reproducing information in a non-contact type. 
As industries are developed, it is required to increase the recording density of in- 
formation. To this end, an information storage medium of reprodring information 
having recording marks of smaller than the resolution of a laser beam, by using a super 
resolution phenomenon, is developed. 

[3] Examples of an information storage medium include a read only memory (ROM) 

for reprodring recorded information, a write once read many memory for possibly 
recording once, and a rewritable memory for possibly erasing and rewriting in- 
formation. 

[41 Here, in the case of the ROM, information is recorded on a substrate in a pit type, 

and the information is reproduced by using the reflectivity difference of reproducing 
beams. In other words, the information is reproduced by using the fact that the re- 
flectivity amount of the beam is large where pits exist and the reflectivity amount of 
the beam is small where pits are absent. 

[5] As technologies are developed, performances required to the information storage 

medium are increased, most of all, the capacity of the storage medium. The increase of 
the capacity of the storage medium depends on how small can marks be recorded in a 
limited area of the storage medium and how precisely can the recorded marks be 
reproduced. 

[6] More specifically, the performance of reproducing information depends on the 

decrease of the wavelength of a light source, which is used to reproduce the in- 
formation, and the increase of the numerical aperture of an object lens. However, there 
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is a limit in providing a laser having a short wavelength, and the cost of manufacturing 
an object lens with a large numerical aperture is high. In addition, as the numerical 
aperture of the object lens is increased, a working distance between an optical pickup 
and an information storage medium is reduced, thus the optical pickup may collide 
against the information storage medium and the information recorded on the storage 
medium may be damaged. Accordingly, it is difficult to increase the capadty and the 
density of an information storage medium. 
[7] Furthermore, when the wavelength of a light source for reproducing information 

from a storage medium is 1 and the numerical aperture of an object lens is NA, 1 /4NA 
is the limit of a reproducing resolution, thus the reproduction of information from the 
storage medium may be impossible even when recording marks are formed to be 
extremely small. In other words, a beam radiated from a light source cannot 
distingish the recording marks smaller than 1 /4NA, thus the reproduction of the in- 
formation is impossible. 
Disclosure of Invention 

Technical Problem 

[8] However, a super resolution phenomenon, which reproduces the recorded marks 

having a size exceeding the limit of a resolution, occurs, and studies of the super 
resolution phenomenon are performed. According to the super resolution phenomenon, 
the recorded marks having a size of exceeding the limit of the resolution can be 
reproduced, thus a super resolution storage medium can increase the density and the 
capadty of the medium. 

[9] In order to widely use a super resolution storage medium, recording characteristics 

and reprodring characteristics required as an information storage medium should be 
satisfied. Here, the most important characteristic is a tracking error signal. More 
specifically, the super resolution information storage medium uses a recording beam 
and a reproducing beam whose powers are relatively higher than those used for a con- 
ventional information storage medium, thus it is important to normally detect the 
tracking error signals. 

Technical Solution 

[10] The present invention provides an information storage medium for securing re- 

producing stability and reliability by preventing a reprodring characteristic from 
being deteriorated caused by repeatedly radiating a reproducing beam, and a method of 
preventing the same from deterioration. 

[11] According to an aspect of the present invention, there is provided an information 
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storage medium of reproducing information, which is recorded as marks smaller than a 
resolution of an incidence beam, comprising a substrate and a super resolution layer 
directly arranged on the substrate without any layer therebetween to reprodce the 
marks by generating a thermal reaction at a portion where the inddence beam is 
focused. 

[12] The marks may be formed on the substrate in a pit type. 

[13] The super resolution layer may be formed of any one material selected from metal 

oxides formed of PtO , AuO , PdO , and AgO , or a polymer compound. 

XXX X 

[14] The information storage medium may fiirther include at least one thermal 

absorption layer of absorbing the heat of the incidence beam. 

[15] The thermal absorption layer may be formed of any one of a Ge-Sb-Te-based alloy 

and an Ag-In-Sb-Te-based alloy. 

[16] A dielectric layer may be arranged between the super resolution layer and each of 

at least one thermal absorption layer. 

[17] According to another aspect of the present invention, there is provided an in- 

formation storage medium of reprodiring information, which is recorded as marks 
smaller than a resolution of an incidence beam, comprising a substrate and a thermal 
absorption layer directly arranged on the substrate without any layer therebetween to 
reproduce the marks by generating a thermal absorption at a portion where a re- 
prodiring beam is focused. 

[18] According to still another aspect of the present invention, there is provided a 

method of preventing a reprodring characteristic from being deteriorated when re- 
producing information, which is recorded as marks, from an information storage 
medium including a substrate on which the marks smaller than a resolution are 
recorded and a thermal absorption layer and/or a super resolution layer possibly re- 
prodring the marks, the method comprising radiating a reprodring beam higher than 
a predetermined temperature to the substrate to generate a thermal reaction on the 
thermal absorption layer and/or the super resolution layer, and exhausting a heat from 
the reprodring beam from the substrate by omitting a layer of disturbing the flow of 
the heat from the reprodring beam between the substrate and the thermal absorption 
layer or the substrate and the super resolution layer. 

Advantageous Effects 

[19] As described above, an information storage medium according to the present 

invention can reproduce super resolution information by preventing the deterioration 
of the reprodring characteristic due to the repeated reproduction of the information 
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storage medium, when reprodring information recorded as marks smaller than a 
resolution. Thus, the recording density and capacity of the information storage medium 
can be increased. 

[20] According to the present invention, a layer of preventing the flow of heat, which is 

from a reprodring beam, is not formed on a substrate. Accordingly, when the re- 
prodring beam is radiated to reproduce data from the information storage medium, 
the heat from the reprodring beam is sufficiently exhausted to the outside and the de- 
terioration of the information storage medium by repeatedly reprodring the in- 
formation storage medium can be prevented. 

[21] The information storage medium according to the present invention is formed by 

arranging five layers or seven layers on a substrate and the material of a super 
resolution layer is limited; however, the number of layers and the material of the super 
resolution layer can vary. 

Description of Drawings 

[22] The above and other features and advantages of the present invention will become 

more apparent by describing in detail exemplary embodiments thereof with reference 

to the attached drawings in which: 
[23] FIGS. 1A and IB are sectional views illustrating information storage media 

according to a first embodiment of the present invention; 
[24] FIG. 2 is a sectional view illustrating an information storage medium according to 

a second embodiment of the present invention; 
[25] FIG. 3A is a sectional view illustrating an information storage medium, which is 

formed to measure a tracking error signal, according to the present invention; 
[26] FIG. 3B is a sectional view illustrating a conventional information storage medium 

having a dielectric material that is formed to measure and compare a tracking error 

signal with that of an information storage medium according to the present invention; 
[27] FIGS. 4A through 4E illustrate the results of tracking error signals measured by 

changing the power of a reprodring beam on an information storage medium 

according to the present invention; 
[28] FIGS. 5 A throtgh 5E illustrate the results of tracking error signals measured by 

changing the power of a reprodring beam on a conventional information storage 

medium; and 

[29] FIG. 6 is a block diagram illustrating a recording/reprodring system of an in- 

formation storage medium according to the present invention. 

Mode for Invention 
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[3D] The present invention will now be described more fully with reference to the ac- 

companying drawings, in which exemplary embodiments of the invention are shown. 

[31] An information storage medium according to the present invention is a super 

resolution information storage medium for reproducing information, which is recorded 
as marks having a size exceeding a resolution limit. 

[32] Referring to FIG. 1 A, an information storage medium according to a first 

embodiment of the present invention includes a substrate 10, at least one super 
resolution layer 18, and at least one thermal absorption layer 14. Here, the super 
resolution layer 18 thermally reacts with a reproducing beam to occur a super 
resolution phenomenon, and the thermal absorption layer 14 absorbs the heat from the 
radiation of the reproducing beam in order to indce the super resolution phenomenon 
with the super resolution layer 18. 

[33] The thermal absorption layer 14 or the super resolution layer 18 is directly formed 

on the substrate 10. In other words, the thermal absorption layer 14 or the super 
resolution layer 18 is formed on the substrate 10 without an insertion layer 
therebetween. 

[34] In the information storage medium shown in FIG. 1 A, the thermal absorption layer 

14 is directly formed on the substrate 10, and the super resolution layer 18 is formed 
on the thermal absorption layer 14. Here, a first dielectric layer 16 may be formed 
between the thermal absorption layer 14 and the super resolution layer 18, and a 
second dielectric layer 20 may be formed on the super resolution layer 18. 

[35] The substrate 10 is formed of any one material selected from polycarbonate, poly- 

methylmethacrylate (FMMA), amorphous polyolefin (APO), and glass. Hts p as 
recording marks are formed on the substrate 10 to record information. Here, length of 
the pits p is smaller than a resolution. 

[36] The super resolution layer 18 may be formed of a metal oxide or a polymer 

compound. Ibr example, the super resolution layer 18 may be formed of at least one 
metal oxide selected from PtO , PdO , AuO , and AgO . In addition, the examples of 

XXX X 

the polymer compound are C H N and H PC (phthalocyanine). The super resolution 

32 18 8 2 

layer 18 induces the super resolution phenomenon by thermally reacting with the re- 
producing beam. 

[37] The thermal absorption layer 14 helps the super resolution layer 18 to reproduce 

the marks smaller than the resolution when the super resolution layer 18 thermally 
reacts with the reprodring beam. 

[38] The thermal absorption layer 14 may be formed of a Ge-Sb-Te-based alloy or an 
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Ag-In-Sb-Te-based alloy. The optical characteristic of the thermal absorption layer 14 
is changed by the reproducing beam to assists the transformation of the super 
resolution layer 18. On the other hand, the reproducing beam may be radiated from a 
lower portion of the substrate 10 toward the substrate 10 or from the opposite direction 
of the substrate 10. 

[39] The thermal absorption layer 14 may be arranged below or above the super 

resolution layer 18, and it is preferable that the thermal absorption layer 14 is arranged 
near the direction of radiating the reproducing beam. In other words, when the re- 
producing beam is radiated from the opposite direction of the substrate 10, the thermal 
absorption layer 14 is arranged above the super resolution layer 18. When the re- 
producing beam is radiated from the lower portion of the substrate 10, the thermal 
absorption layer 14 is arranged below the super resolution layer 18. When the re- 
producing beam is radiated from the opposite direction of the substrate 10, a cover 
layer (not shown) may be fiirther arranged. 

[40] FIG. IB is a sectional view illustrating an information storage medium in which a 

thermal absorption layer 14 is arranged above a super resolution layer 18. Here, the 
super resolution layer 18 is formed on a substrate 10 without any layer therebetween. 

[41] In addition, a first dielectric layer 16 is formed between the super resolution layer 

18 and the thermal absorption layer 14, and a second dielectric layer 20 is formed on 
the thermal absorption layer 14. 

[42] An information storage medium according to a second embodiment of the present 

invention will now be described with reference to FIG. 2. 

[43] Referring to FIG. 2, an information storage medium according to the second 

embodiment of the present invention includes a substrate 3D and a first thermal 
absorption layer 32, which is directly formed on the substrate 39 without any layer 
therebetween. The information storage medium according to the second embodiment 
of the present invention includes two thermal absorption layers that is different from 
the information storage medium according to the first embodiment of the present 
invention. 

[44] The first thermal absorption layer 32 is directly formed on the substrate 3D, and a 

super resolution layer 36 is formed above the first thermal absorption layer 32. A 
second thermal absorption layer 40 is formed above the super resolution layer 36. 

[45] In addition, a first dielectric layer 34 is formed between the first thermal absorption 

layer 32 and the super resolution layer 36, a second dielectric layer 38 is formed 
between the super resolution layer 36 and the second thermal absorption layer 40, and 
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a third dielectric layer 42 is formed on the second thermal absorption layer 40. 

[46] Here, the locations of the first thermal absorption layer 32 and the super resolution 

layer 36 can be exchanged. 

[47] When an information storage medium has two thermal absorption layers, the in- 

formation storage medium generates a better reproducing signal characteristic than an 
information storage medium having one thermal absorption layer. 

[48] The substrate 3D, the super resolution layer 36, and the thermal absorption layers 

32 and 40 are the same as those of an information storage medium according to the 
first embodiment of the present invention, thus the descriptions thereof will be omitted. 

[49] Hereafter, the process of reprodidng data from an information storage medium 

according to the present invention will be described. A reprodidng beam is radiated to 
an information storage medium to reproduce data, then plasmons having a shorter 
wavelength than the reproducing beam are generated from metal particles of super 
resolution layers 18 and 36 to which the reproducing beam is radiated and the 
plasmons are exdted to reproduce marks smaller than a resolution. Here, the optical 
characteristics of thermal absorption layers 14, 32, and 40 may be changed due to the 
reproducing beam to affect the super resolution layers 18 and 36. 

[3D] In order to induce thermal reactions in the super resolution layers 18 and 36 and 

the thermal absorption layers 14, 32, and 40 to reproduce the marks smaller than the 
resolution, a reproddng beam with a higher power than a beam used to reproduce a 
conventional information storage medium is used. Here, the conventional information 
storage medium denotes an information storage medium from which data is 
reproduced by a conventional method, other than a super resolution phenomenon. 

[51] Snce the power of the reproducing beam used for the super resolution information 

storage medium is high, it is expected that a reproducing characteristic of the super 
resolution information storage medium will be deteriorated by repeatedly radiating the 
reproducing beam. When the reproducing characteristic of the information storage 
medium is deteriorated, the data cannot be reproduced. Accordingly, it is required to 
prevent the reproducing characteristic of the super resolution information storage 
medium from being deteriorated. 

[52] In the information storage medium according to the present invention, the thermal 

absorption layer 14 or 32 or the super resolution layer 18 or 36 is directly formed on 
the substrate 10 or 3D to prevent the reproducing characteristic from being de- 
teriorated. 

[53] In order to measure the improvement of the reproducing characteristic of the in- 
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formation storage medium according to the present invention, tracking error signals of 
an information storage medium in which an insertion layer is not formed between a 
substrate 10 or 3D and a thermal absorption layer 14 or 32 or a substrate 10 or 3D and a 
super resolution layer 18 or 36, and an information storage medium in which a 
dielectric layer is inserted between a substrate 10 or 3D and a thermal absorption layer 
14 or 32 or a substrate 10 or 3D and a super resolution layer 18 or 36 are detected. 
[54] An information storage medium according to the present invention is formed of a 

substrate formed to a thickness of 1 . 1 mm, a thermal absorption layer of Ge-Sb-Te 
formed to a thickness of 33 nm, a first dielectric layer of ZnS-SO formed to a 

2 

thickness of 25 nm, a super resolution layer of PtO formed to a thickness of 3.5 nm, 

X 

and a second dielectric layer of ZnS-SO formed to a thickness of 5) nm, as shown in 

2 

FIG. 3 A in order to measure tracking error signals. 
[55] An information storage medium as a comparative example is formed of a substrate 

formed to a thickness of 1.1 mm, a first dielectric layer of ZnS-S02 formed to a 
thickness of 20 nm, a thermal absorption layer of Ge-Sb-Te formed to a thickness of 
33 nm, a second dielectric layer of ZnS-SO formed to a thickness of 25 nm, a super 
resolution layer of PtO formed to a thickness of 3.5 nm, and a third dielectric layer of 

X 

ZnS-SO formed to a thickness of 5) nm, as shown in FIG. 3B. 

2 

[56] FIGS. 4A throtgh 4E illustrate tracking error signals of the information storage 

medium according to the present invention that are measured while varying the power 
of a reproducing beam. The tracking error signals of FIG. 4A are obtained by re- 
prodiring the information storage medium for one minute by using a reproducing 
power of 1.0 mW. In addition, the tracking error signals of FIGS. 4B through 4E are 
obtained by reproducing the information storage medium for one minute by using re- 
producing powers of 1.2 mW, 1.4 mW, 1.6 mW, and 1.8 mW, respectively. The 
tracking error signals are excellent when the reproducing power is in a range from 1.0 
to 1.6 mW. When the reproducing power is 1.8 mW, the tracking error signals are bad. 

[57] FIGS. 5A through 5E illustrate tracking error signals of the information storage 

medium as the comparative example that are measured while varying the power of a 
reproducing beam. The tracking error signals of FIGS. 5 A through 5E are obtained by 
reproducing the information storage medium as the comparative example for one 
minute by using reproducing powers of 1.0, 1.1, 1.2, 1.3, and 1.4 mW. In the case of 
the information storage medium as the comparative example, the tracking error signals 
are bad even when the reproducing power is 1 .0 mW. When the reproducing power is 
larger than 1.0 mW, the tracking error signals are rapidly deteriorated. According to 
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the result of the tracking error signals, the tracking error signals are unstable when re- 
proddng the information storage medium as the comparative example, thus the 
tracking operation cannot be performed due to the fluctuation of the tracking error 
signals and the deterioration becomes serious. 

[58] When considering the result of the tracking error signals, the reproducing char- 

acteristic of an information storage medium can be improved by directly arranging a 
thermal absorption layer or a super resolution layer on a substrate. Accordingly, it is 
known that when reproducing data from the information storage medium by using a 
high reproducing power, deterioration degree and speed can be redced by using the 
information storage medium according to the present invention. 

[59] In addition, a heat generated from the radiation of a laser beam for reproducing 

data is accumilated on an information storage medium, thus the tracking error signals 
are deteriorated in the case of the information storage medium as the comparative 
example. Accordingly, the deterioration due to the heat can be effidently prevented by 
not arranging a layer, which prevents the exhaustion of heat, between a substrate and a 
thermal absorption layer or a substrate and a super resolution layer. 

[60] Hereafter, a method of preventing the reproducing characteristic of an information 

storage medium according to the present invention from being deteriorated will be 
described. Erst, data is recorded in a pit type smaller than a resolution, on a substrate 
10 or 3D of FIGS. 1A, IB, and 2. Then, a reproducing beam of higher than a pre- 
determined temperature is radiated to occur a thermal reaction on a thermal absorption 
layer 14, 32, or 40 and a super resolution layer 18 or 36. Here, the thermal absorption 
layer 14 or 32 or the super resolution layer 18 or 36 is directly formed on the substrate 
10 or 3D, without any layer therebetween, in order to effidently exhaust the heat from 
the reprodring beam. 

[61] In other words, a layer of preventing the flow of the heat from the reproducing 

beam is not formed between the substrate 10 or 3D and the thermal absorption layer 14 
or 32 or the substrate 10 or 3D and the super resolution layer 18 and 36, thus the heat 
from the reproducing beam is efficiently exhausted to the outside when radiating the 
reproducing beam to reproduce data from the information storage medium. Ac- 
cordingly, the deterioration of the information storage medium by repeatedly re- 
producing the information storage medium can be prevented. 

[62] FIG. 6 is a block diagram illustrating a system of recording/reproddng an in- 

formation storage medium according to the present invention. A system of recording/ 
reproducing an information storage medium includes a pickup unit 3D, a recording/ 
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reproducing signal process unit 60, and a control unit 10. More specifically, the system 
includes a laser diode 5 1 of radiating a beam, a collimating lens 52 of oollimating the 
beam radiated from the laser diode 51, a beam splitter 54 of converting the path of an 
incidence beam, and an object lens 56 of concentrating the beam from the beam 
splitter 54 on an information storage medium D. 

[63] The beam reflected on the information storage medium D is reflected by the beam 

splitter 54 and received by an optical detector, for example, a quad-optical detector 57. 
The beam received by the optical detector 57 is converted into electric signals by an 
operation circuit unit 58 and output as a channel 1 Chi signal, which is detected as an 
RF signal, in other words, a sum signal, and a differential signal channel Ch2, which 
detects a push-pull type signal. 

[64] The control unit 10 radiates a reproducing beam of over a predetermined power, 

which is required according to the material characteristic of an information storage 
medium, through the pickup unit 5), in order to reproduce marks smaller than a 
resolution. When the reproduring beam is focused on the information storage medium 
D through the pickup unit 5), a super resolution phenomenon occurs on the in- 
formation storage medium D. The super resolution phenomenon of the information 
storage medium D according to the present invention is described above, thus the de- 
scriptions thereof will be omitted. 

[65] The beam reflected from the information storage medium D is input to the optical 

detector 57 through the object lens 56 and the beam splitter 54. The signals input to the 
optical detector 57 are converted into electric signals by the operation circuit unit 58 
and output as RF signals. C/N stability of the information storage medium D is 
improved die to a thermal condctive layer 20 or 40 of FIGS. 1 A, IB, and 2, thus the 
reproducing characteristic is not deteriorated even after the information storage 
medium D is repeatedly reproduced. Accordingly, the signal process unit 60 and the 
control unit 10 can sufficiently reoord/reprodce data. 

[66] While the present invention has been particularly shown and described with 

reference to exemplary embodiments thereof, it will be understood by those of 
ordinary skill in the art that various changes in form and details may be made therein 
without departing from the spirit and scope of the present invention as defined by the 
following claims. 



